It has been generally accepted that contraction and relaxation of the muscle depend on the concentration of Ca++ in the sarcoplasm surrounding the myofibrils. It has been also recognized that a positive inotropic effect of catecholamines (Langer 1973) or an increase in the frequency of stimulation (Grossman and Furchgott 1964; Teiger and Farah 1967) is closely related to the intracellularly increased Ca++ concentration of the myocardium. Previously we reported that, in the isolated dog heart muscle, the depression of myocardial contractility produced by thiamylal was easily reversed by dibutyryl cyclic AMP, while the depression produced by halothane resisted the counteraction of this agent (Iwatsuki and Iwatsuki 1974) . It was also reported that the myocardium depressed by thiamylal or halothane showed a positive staircase phenomenon in contractility following an increase in the frequency of stimulation (Iwatsuki and Iwatsuki 1975 ).
The present study was undertaken to determine whether there is a difference in the response of the myocardium to increasing concentration of Ca++ in the bathing medium between the presence of thiamylal and of halothane and to speculate on the mechanisms for producing the depression of myocardial contractility by these two anesthetics. 
MATERIALS AND METHODS

DISCUSSION
A major finding in the present study was that myocardial contractility depressed by thiamylal was reversed competitively by increasing the concentration of Ca++ in the bathing medium, but the counteraction of Ca++ was limited in the presence of halothane. A similar finding was observed in dibutyryl cyclic AMP (Iwatsuki and Iwatsuki 1974) . Since a positive inotropic effect of dibutyryl cyclic AMP is considered to be due to increased Ca++ available to the myofibrils in the sarcoplasm (Robinson et al. 1965; Entman et al. 1969 ; Drummond and Hemm ings 1972), the mechanisms related to Ca++ in contraction may be responsible to and Halothane and Myocardial Contractility 7
(Ca#]15.2 mM After-contraction Fig. 6 . "After-contraction" at 15.2 mM of Ca++ in the presence of 3.5 mg% of halothane during isometric contraction.
produced difference in the response to dibutyryl cyclic AMP of the myocardium between the presence of thiamylal and of halothane.
An incomplete reversal by Ca++ of myocardial depression shown in the present study differs from the result reported by Price (1974) , in which he showed that myocardial depression produced by halothane was completely counteracted by increasing Ca++ in the bathing medium. However, his conclusion was derived mathematically from the isometric force-Ca++ concentration relationship obtained in a range of lower concentrations of Ca++. A decrease in isometric force at higher concentrations of Ca++ was reported by Wakabayashi (1969), as also shown in the present study. Therefore, his conclusion remains yet to be confirmed.
Where are the sites of action of thiamylal and halothane to produce the depres sion of myocardial contractility and what are the mechanisms for producing a difference in the response to Ca++ of the myocardium depressed by these two anesthetics ? The present study suggests that thiamylal acts on the sites where a competitive counteraction of Ca++ is effective to reverse the depression, while halothane acts on the sites where a simple increase in Ca is hard to counteract the depression.
Previously we have suggested that Ca++ influx during systolic phase of contraction across the cardiac cell membrane is not inhibited by thiamylal and halothane, since a positive staircase phenomenon is observed in the presence of these two anesthetics (Iwatsuki and Iwatsuki 1975) . Brustsaert et al. (1973) have reported an increase in V'max following an increase in Ca++ concentration in the bathing medium and suggested that changes in Ca++ concentration influence the rate of turnover of cross-bridge formation between actin and myosin. The present study indicates that thiamylal and halothane may depress the Ca-regulated turnover rate of cross-bridge formation, but the depression of turnover rate by halothane is not completely counteracted by increasing Ca++ concentration.
It has been reported (Merin et al. 1974; Price et al. 1974 ) that halothane depresses ATPase activity of the myofibrils and the depression is counteracted competitively by an increased amount of Ca++. An incomplete antagonism of Ca++ to the depression of myocardial contractility produced by halothane observed in the present study suggests that the depression of energy utilization at the contractile protein system, if involved, plays a role partly for the mechanism of its myocardial depression. Leuwenkroon-Strosberg et al. (1973) have reported on the contrary that halothane stimulates Ca-activated ATPase activity on myosin. Their study has also suggested conformational changes of myosin by 3% halothane.
Lain et al. (1968) have reported that halothane and pentobarbital decrease Ca-uptake at the sarcoplasmic reticulum, associated with a depression of its ATPase activity by halothane, but not by pentobarbital.
A decrease in releasing Ca++ from its storage sites by halothane was suggested by Rusy (1974) . Recently Katz and Repke (1973) have proposed two different mechanisms which may control Ca++ movements within the myocardial cells; one is "Ca-binding" and the other is "Ca -uptake" . Ca-binding exhibits saturation kinetics, thus, the capacity to bind Ca++ is limited. Since the rate of Ca-binding has proved to be extremely rapid, he has suggested that it may be responsible for relaxation of the cardiac muscle by decreasing Ca concentration inn the sarcoplasm. On the other hand, Ca-uptake increases linearly with increasing Ca++ concentration until Ca-uptake becomes inhibited at high Ca++ concentrations, but the rate of reaction is shown to be too slow to regulate relaxation. Ca++ content at these two sites ("binding sites" and "uptake sites") may modulate myocardial contractility by determining directly or indirectly the amount of Ca++ that is delivered to the contractile proteins. As far as Ca++ movements within the myocardial cells are concerned, a competitive counteraction of Ca++ to the depression of myocardial contractility produced by thiamylal suggests that thiamylal depresses only Ca-uptake at the "uptake sites" where the uptake of Ca++ follows a linear function of its concentration . Halo thane, however, may depress also "binding sites" which is responsible for relaxation; thus, when Ca++ at high concentrations is administered to the bathing medium, some amount of Ca++ which remains unbound in the sarcoplasm during the diastolic phase may produce "after-contraction" in the presence of halothane, as was shown in the present study.
In conclusion, the depression of myocardial contactility produced by thiamylal was competitively counteracted, while the depression produced by halothane was reversed incompletely, by increasing the concentration of Ca++ in the bathing medium. In view of the results in the present study and the literature concerned it was suggested that a difference in the effects of thiamylal and halothane on Ca++ storage sites within the myocardial cells might be responsible for the difference in the response to Ca++ of the myocardium depressed by these two anesthetics .
